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Pronuclear migration and formation of the first mitotic spindle depend upon assembly of a functional zygotic centrosome. For most
animals, this involves both paternal and maternal contributions as sperm basal bodies are converted into centrosomes competent for
microtubule nucleation through recruitment of egg proteins. Nek2B is a vertebrate NIMA-related protein kinase required for centrosome
assembly, as its depletion from egg extracts delays microtubule aster formation from sperm basal bodies. Using Xenopus as a model system,
we now show that protein expression of Nek2B begins during mid-oogenesis and increases further upon oocyte maturation. This is regulated,
at least in part, at the level of protein translation. Nek2B protein is weakly phosphorylated in mitotic egg extracts but its recruitment to the
sperm basal body, which occurs independently of its kinase activity, stimulates its phosphorylation, possibly through sequestration from a
phosphatase present in mitotic egg cytoplasm. Importantly, although Nek2B is not required to organize acentrosomal microtubule asters, we
show that addition of either active or kinase-dead recombinant Nek2B can restore centrosome assembly in a dose-dependent manner to a
depleted extract. These results support a model in which maternal Nek2B acts to promote assembly of a functional zygotic centrosome in a
kinase-independent manner.
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The centrosome plays a critical role in the development
of metazoans. It represents the major site of microtubule
nucleation in cells and orchestrates many of the microtu-
bule-based processes that occur within the cytoplasm (Dox-
sey, 2001). The centrosome also plays a dominant role in
mitosis directing formation of the bipolar microtubule-based
spindle upon which chromosomes are segregated (Heald et
al., 1997). Surprisingly, experimental elimination of the
centrosome does not prevent bipolar spindle formation
indicating that cells have additional pathways that can lead
to spindle bipolarity (Khodjakov et al., 2000). These are
likely to include Ran-GTP stimulated microtubule nucle-0012-1606/$ - see front matter D 2003 Elsevier Inc. All rights reserved.
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Health, Ash Road, Pirbright, Surrey GU24 0NF, UK.ation near the chromatin and focusing of microtubule minus
ends by motor proteins capable of crosslinking microtubules
(reviewed in Dasso, 2001; Wittmann et al., 2001). However,
spindle formation in the absence of centrosomes could lead
to incorrectly positioned spindles due to lack of centrosome-
nucleated astral microtubules which anchor the spindle in
the correct axis by attachment to the cell cortex. This may
not be critical in cultured cells but is likely to be of the
utmost importance during the many asymmetric and orient-
ed cell divisions that are necessary for the development of
multicellular organisms.
Although spindle formation can occur without centro-
somes, their removal by experimental means interferes with
other aspects of cell cycle progression, including cytokinesis
and entry into S phase (Hinchcliffe et al., 2001; Khodjakov
and Rieder, 2001; Piel et al., 2001). Furthermore, in a classic
experiment, it was shown that parthenogenetic development
can be induced in the African clawed toad, X. laevis, simply
by injection of a centrosome into an unfertilized egg (Maller
et al., 1976). Activating eggs by pricking, without addition
of centrosomes, leads to contractile waves and MPF oscil-
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for cleavage of early embryos.
The centrosome is composed of two centrioles sur-
rounded by pericentriolar material (Doxsey, 2001). Each
centriole is a 200 nm (diameter) by 400 nm (height) cylinder
made up of nine sets of triplet microtubules that do not
undergo the dynamic growth and shrinkage typical of
cytoplasmic microtubules (Marshall, 2001). Structurally,
centrioles are almost identical to basal bodies, which are
found at the base of cilia and flagella (Preble et al., 2000).
Indeed, the older of the two centrioles, called the mother, is
often found at the surface of cultured cells subtending the
primary cilium. These two types of structure are also
interchangeable. In the unicellular biflagellate Chlamydo-
monas reinhardtii, the basal bodies responsible for produc-
tion of the flagella are withdrawn into the cell as it enters
mitosis and used to generate the two poles of the spindle
(Gaffal, 1988; Johnson and Porter, 1968). Furthermore, in
many organisms, it is the sperm basal body, which nucleates
the flagellar microtubules, that is converted into a centro-
some and acts as the microtubule-organizing centre in the
fertilized zygote. This is essential both for pronuclear
migration and generation of the first mitotic spindle (Schat-
ten, 1994).
Molecular dissection of the centrosome has now identi-
fied many of its structural and regulatory components.
Those which appear to be tightly associated with centrioles
include Nek2, a cell cycle-regulated serine–threonine ki-
nase, and a proposed substrate of the Nek2 kinase called C-
Nap1 (Fry et al., 1998a,b). Both proteins have been local-
ized by immunoelectron microscopy to the proximal ends
of the two centrioles. The proximal end of a centriole, like
that of a basal body, contains a cartwheel structure with a
central hub and spokes. Connecting fibers have been
detected running between the proximal ends of centrioles
as well as between the pair of basal bodies in Chlamydo-
monas (Paintrand et al., 1992; Preble et al., 2000). Func-
tional studies have implicated the Nek2 and C-Nap1
proteins in regulating this intercentriolar connection during
cell cycle progression (Fry, 2002). Furthermore, introduc-
tion of kinase-inactive Nek2 constructs into human cells or
Xenopus embryos causes centrosome dispersal implying an
additional function for Nek2 in maintenance of an intact
centrosome structure (Fry et al., 1998a; Uto and Sagata,
2000).
In vertebrates, two alternative splice variants of the Nek2
kinase have been detected which can both localize to the
centrosome (Hames and Fry, 2002; Uto et al., 1999). Nek2A
is a 48-kDa protein with an N-terminal kinase domain, a
leucine zipper which promotes homodimerization and trans-
autophosphorylation (Fry et al., 1999), and a C-terminal
regulatory domain containing motifs for APC/C-mediated
destruction and interaction with PP1c, the catalytic subunit
of protein phosphatase 1 (Hames et al., 2001; Helps et al.,
2000). Nek2B is a 44-kDa protein and differs from Nek2A
in its extreme C-terminus. It retains the catalytic domain andleucine zipper, but lacks the destruction and PP1c binding
motifs. In adult human cells, both splice variants are
detected although Nek2A is consistently more abundant
(Hames and Fry, 2002). However, in eggs and early embry-
os of Xenopus, only Nek2B is detected (Fry et al., 2000; Uto
et al., 1999).
In a previous set of experiments, we showed that endog-
enous Nek2B is rapidly recruited to the basal body of sperm
upon incubation in a mitotic egg extract (Fry et al., 2000).
This recruitment precedes the appearance of an astral array
of microtubules around the site of the basal body indicative
of functional centrosome assembly. Furthermore, removal of
Nek2B from the egg extract delayed recruitment of g-
tubulin and the appearance of a microtubule aster. Hence,
Nek2 appeared to play an important role in assembly, as
well as maintenance, of the centrosome structure. However,
reconstitution of the depleted extracts to prove the require-
ment for Nek2 had not been done. We have now extended
these earlier studies by investigating the precise expression
and phosphorylation pattern of Nek2 splice variants in
Xenopus oocytes, eggs and sperm. We also present recon-
stitution experiments using recombinant proteins that show
that Nek2 can restore efficient assembly of a functional
centrosome to a depleted extract independently of its kinase
activity.Materials and methods
Preparation of eggs, sperm and oocytes
CSF and activated (interphase) egg extracts and demem-
branated sperm were prepared as previously described
(Desai et al., 1999; Murray, 1991). Collection and staging
of oocytes were done according to Smith et al. (1991). To
induce maturation, oocytes were treated with 5 Ag/ml
progesterone (prepared in high-grade 100% ethanol and
filter sterilized) for 12 h. Germinal vesicle breakdown was
usually observed after 4–5 h. Oocyte extracts were prepared
according to Gerhart et al. (1984) and protein concentrations
determined using BCA protein assay reagent (Pierce). For
immunodepletion of egg extracts, magnetic protein A beads
(Dynal) were pre-coated with R81 a-X-Nek2 purified IgGs
(Fry et al., 2000) or rabbit IgGs at 1 Ag per microlitre of
beads by 30-min incubation on ice. After extensive washing
first in sodium hydrogen phosphate buffer, then in CSF-XB
buffer (0.1 M KCl, 1 mM MgCl2, 0.1 mM CaCl2, 50 mM
sucrose, 10 mM HEPES pH 7.7, 5 mM EGTA), beads were
gently resuspended in egg extract (equal volume of bead to
extract) and incubated on ice for a further 30 min. Beads
were concentrated on a magnetic rack (Dynal) and the
extract collected by pipette. To obtain dialysed egg extract,
dialysis was performed for 4 h at 4jC against a large volume
of CSF-XB using a 2.5 kDa cut-off Slide-A-Lyzer cassette
(Pierce) according to manufacturer’s instructions. High-
speed supernatants for glycerol gradient analysis were
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30 min.
Protein electrophoresis and Western blotting
Proteins were resolved on 12% SDS-polyacrylamide
gels. For increased resolution, gels were run according to
Andersen et al. (1973) with ProSieve 50 gel solution (FMC
Bioproducts) where indicated. For immunoblotting, proteins
were transferred to nitrocellulose membrane by semidry
blotting. Primary antibodies used for immunoblotting were
R81 a-X-Nek2-purified IgGs (5.0 Ag/ml; Fry et al., 2000)
or anti-His antibodies (1:3000 dilution; Sigma). Proteins
were detected using alkaline phosphatase-conjugated anti-Fig. 1. Expression and phosphorylation of Nek2 splice variants in Xenopus sperm,
generated by in vitro translation as well as 0.5 Al Xenopus CSF egg extract (lane 3) a
SDS-PAGE and immunoblotted with R81 (anti-Xenopus Nek2) purified antibodie
sperm, whereas only Nek2B is detected in egg. (B) Sperm preparations (9  106 per
the absence (lane 2) or presence (lane 3) of EDTA, were separated on a ProSieve
(arrowhead) indicative of phosphorylation is detected above the Nek2A product tha
subjected to the same examination as shown for sperm in B, indicating that Nek2B is
interphase (I, lane 2) egg extracts were separated on a ProSieve gel and immunoblot
retarded in interphase than mitotic extract. Treatment of interphase extract wit
phosphorylation. (E) Extracts were prepared from stage VI oocytes (lanes 1–3) or m
Nek2, c-mos and a-tubulin as indicated. Oocytes were either untreated (lane 1) o
maturation. Maturation was confirmed not only by the expression of c-mos protein,
spot formation. (F) Equal amounts of protein were loaded from different stage oocrabbit or anti-mouse secondary antibodies (1:7500 dilution;
Promega).
Protein phosphatase treatment
Protein phosphatase treatment was performed with E
protein phosphatase (New England Biolabs Inc.) as de-
scribed (Sharp-Baker and Chen, 2001). In brief, sperm were
washed twice in EPP buffer (50 mM Tris, pH 7.5, 2 mM
MnCl2, 0.1 mM EDTA, 5 mM DTT, 0.01% Brij35) then
incubated with 80 U EPP in EPP buffer for 30 min at 30jC.
Control reactions were incubated under the same conditions
in the presence of 50 mM EDTA to inhibit EPP. Phosphatase
treatment of egg extract was carried out by adding EPPeggs and oocytes. (A) Xenopus Nek2A (lane 1) and Nek2B (lane 2) proteins
nd 3  106 Xenopus demembranated sperm (lane 4) were separated by 12%
s. Nek2A (open arrowhead) and Nek2B (closed arrowhead) are detected in
lane), either untreated (lane 1) or treated with E protein phosphatase (EPP) in
12% acrylamide gel and immunoblotted with R81 antibodies. A faint smear
t is specifically lost upon phosphatase treatment. (C) CSF egg extracts were
also partially phosphorylated inmitotic egg cytoplasm. (D) CSF (M, lane 1) or
ted with R81 antibodies revealing that a more significant fraction of Nek2B is
h (lane 4) or without (lane 3) EPP confirms that this is also a result of
etaphase II-arrested eggs (lane 4), andWestern blotted with antibodies against
r treated for 12 h with DMSO (lane 2) or progesterone (lane 3) to induce
but also by observation of germinal vesicle breakdown as indicated by white
ytes (I–VI) and Western blotted for Nek2 and Erk2.
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and incubating as above. All reactions were stopped by the
addition of protein sample buffer.
Generation of recombinant baculoviruses and protein
expression
The pBlueBac:His-Nek2B and pBlueBac:His-Nek2B-
K37R baculovirus transfer vectors were generated by sub-
cloning the 1327 bp BamHI–SalI fragments from pBS:X-
Nek2B and pBS:X-Nek2B-K37R, respectively, into the
BamHI–SalI sites of pBlueBacHis2A (Invitrogen Corp.).
Similarly, the pBlueBac:His-Nek2A and pBlueBac:His-Fig. 2. Nek2A and Nek2B mRNAs are present in oocytes and eggs. (A) Primers spe
reactions using a plasmid carrying either the Nek2A (lanes 1 and 2) or Nek2B (lane
panel) and Nek2B (lower panel) specific primers for 35 cycles using increasing amo
Ag total RNAwith Nek2A (upper panel) and Nek2B (lower panel) specific primers.
and visualized on ethidium bromide-stained agarose gels. (D) RNA was collected
measuring the optical density at 260 nm. RT-PCR reactions were then performed wi
RNA and for 25 cycles for Nek2B (lower panel). As controls, PCR reactions werNek2A-K37R baculovirus transfer vectors were generated
by subcloning the 1400 bp BamHI–SalI fragments from
pBS:X-Nek2A and pBS:X-Nek2A-K37R, respectively, into
the BamHI–SalI sites of pBlueBacHis2A (Invitrogen
Corp.). Cell culture supernatant containing recombinant
baculoviruses was generated by co-transfection of Bac-N-
Blue DNA (Invitrogen Corp.) and the relevant transfer
vectors into Sf9 (Spodoptera frugiperda insect larvae
ovary) cells using the Insectin Plusk Kit (Invitrogen
Corp.) for 4–5 days and repeated rounds of viral amplifi-
cation. Sf9 cells were cultured at 27jC in TC100 medium
(Invitrogen Life Technologies) with 10% fetal calf serum
and antibiotics (100 i.u./ml penicillin, 100 Ag/ml strepto-cific for Nek2A (lanes 1 and 3) and Nek2B (lanes 2 and 4) were used in PCR
s 3 and 4) cDNA. (B) RT-PCR reactions were performed with Nek2A (upper
unts of total RNA as indicated. (C) RT-PCR reactions were performed with 5
Aliquots were removed from the reaction after increasing numbers of cycles
from stage I, II, III, IV, V and VI oocytes and eggs (E) and quantified by
th 2 Ag total RNA for 35 cycles for Nek2A (upper panel) and with 1.5 Ag total
e performed in parallel with plasmids (P) encoding the relevant cDNA.
Fig. 3. Expression and phosphorylation of recombinant Xenopus Nek2A and Nek2B. (A) Immunoblot analysis with anti-Nek2 (top panel) and anti-His
antibodies (bottom panel) of lysates of Sf9 insect cells that were uninfected (I, for insect lysate alone) or infected with recombinant baculoviruses expressing
His-Nek2A (A), His-Nek2A-K37R (A-KD, for kinase-dead), His-Nek2B (B) or His-Nek2B-K37R (B-KD). Positions of molecular weight markers (kDa) are
indicated on the top panel. (B) In vitro kinase assays were performed with Nek2 immunoprecipitates from insect cell lysates expressing no recombinant protein
(lane 1), His-Nek2B (lane 2) or His-Nek2B-K37R (lane 3). h-casein was used as a substrate and the products analysed by SDS-PAGE and autoradiography (left
panel). Weak autophosphorylation of the His-Nek2B protein in lane 2 is indicated by an arrowhead. The h-casein in each lane was excised and subjected to
scintillation counting (right panel), confirming that the His-Nek2B-K37R protein is completely inactive. (C) Recombinant His-Nek2B was incubated for 30
min at 22jC with CSF egg extract, E protein phosphatase and EDTA as indicated before separation on 12% polyacrylamide gels and immunoblotting with R81
antibodies. Twice as much Nek2B protein was loaded in lane 1, as compared to lanes 2–4, to highlight the three major protein isoforms (asterisks). (D)
Recombinant His-Nek2B was incubated at 22jC with CSF egg extract for the time indicated and processed as in C. Open and closed arrowheads in C and D
indicate migration of recombinant and endogenous Nek2B protein, respectively.
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Sf9 cells with recombinant baculoviruses at m.o.i. of 5–10
for 67 h. Cells were harvested and protein extracted by the
Nek2 extraction buffer (NEB) method described by Fry and
Nigg (1997).
Glycerol gradient centrifugation
CSF extract (1 mg total protein, diluted to 1 ml with
NEB) was loaded onto the top of a 10 ml 15–50% glycerol
gradient (containing 20 mM HEPES, pH 7.4, 50 mM NaCl,
0.2 mM EDTA) and spun at 34 K rpm, 4jC for 72 h in aFig. 4. Active and kinase-dead Nek2B are recruited to sperm centrosomes. (A) S
containing recombinant histidine-tagged Nek2B (lanes 1–3) and Nek2B-KD (la
Recombinant protein (open arrowhead) and endogenous egg Nek2B (closed arrow
shows the doublet characteristic of phosphorylated protein. (B) Immunoflourescence
onto coverslips following incubation with insect cell lysates containing no recombi
stained with Hoechst 33258 (blue), recombinant protein revealed with anti-Nek2
antibodies (green). Scale bar = 10 Am.Sorvall TH641 ultracentrifuge rotor. Fractions (400 Al) were
collected from the top of the gradient and precipitated by
adding trichloroacetic acid to 20% and incubating on ice for
60 min. Samples were pelleted at 14 K rpm, 15 min, 4jC
and pellets washed with 1 ml 70% EtOH (cold) and then
80% acetone (cold). Pellets were air-dried and resuspended
in 20-Al protein sample buffer before SDS-PAGE and
Western blotting. As size markers, 100 Ag each of carbonic
anhydrase (29 kDa), pepsinogen (35 kDa), bovine serum
albumin (66 kDa), liver alcohol dehydrogenase (80 kDa),
yeast alcohol dehydrogenase (150 kDa), h-amylase (200
kDa), and apoferritin (450 kDa) were separated on anperm recruitment assays were performed by incubating insect cell lysates
nes 4–6) with demembranated sperm and CSF egg extracts as indicated.
head) are sedimented in the presence of sperm. Note that wild-type Nek2B
microscopy images ofXenopus sperm sedimented through a glycerol cushion
nant protein (a–d), recombinant Nek2B (e–h) or Nek2B-KD (i– l). DNA is
antibodies (red) and the position of basal bodies revealed with a-tubulin
Fig. 5. Nek2B undergoes autophosphorylation upon recruitment to the
sperm centrosome. (A) Recruitment of endogenous Nek2B to sperm was
assayed by incubating sperm in CSF egg extract for the time indicated
before treatment with or without EPP and EDTA. Sperm were then isolated
through a glycerol cushion and Nek2B protein detected by SDS-PAGE
using ProSieve acrylamide and immunoblotting with R81 antibodies. (B)
Recombinant His-Nek2B-K37R protein was incubated with or without
CSF egg extract and sperm as indicated using conditions for sperm
recruitment assays. Where no sperm had been added (lanes 1 and 2),
samples were loaded directly onto ProSieve gels and immunoblotted with
R81 antibodies; where sperm had been added (lane 3), the sperm were
isolated through a glycerol cushion and loaded on the gel. The positions of
the recombinant (open arrowhead) and endogenous Nek2B (closed
arrowhead) are indicated.
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resolved by SDS-PAGE and stained for marker proteins
with Coomassie Blue.
Sperm recruitment assays
For Western blotting, 5  105 demembranated sperm
heads were incubated in a 1.5-ml eppendorf with either 10
Al of egg extract (CSF or interphase) or 5 Al of insect cell
lysate containing recombinant protein and 5 Al of spindle
buffer (SB; 10 mM K.Pipes, pH 6.8, 0.3 M Sucrose, 0.1 M
NaCl, 3 mM MgCl2). By immunoblotting, it had been
determined that 5 Al of insect cell lysate contained an
equivalent amount of recombinant Nek2 protein to the
amount of endogenous Nek2B present in 10 Al of egg
extract (data not shown). Each reaction was supplemented
with 1 Ag/ml nocodazole to prevent microtubule polymer-
ization and incubated at 22jC, except where otherwise
indicated. Following incubation, the samples were diluted
with 500 Al of ice-cold SB and layered onto a 1-ml cushion
of 25% glycerol in SB and centrifuged at 3300 rpm, 20
min, 4jC. After removing 500 Al from the top of the
cushion, the interface was gently washed three times with
100 Al of 1% Triton X-100. The cushion was then removed
completely and the pellet washed twice in 1 PBS before
being resuspended in 15 Al of protein sample buffer. Sperm
were omitted from control experiments to assess the back-
ground precipitation of Nek2 proteins. Microscopy of
isolated Xenopus sperm was based on published methods
(Evans et al., 1985; Merdes et al., 1996; Stearns and
Kirschner, 1994). In brief, a coverslip adaptor, a round
13-mm coverslip, and a 5-ml cushion of 25% glycerol in
SB were placed in a 15-ml Corex tube (Corning Glass
Works). Sperm (3000 in 1 Al) were incubated at 22jC for 0
or 30 min in 5 Al of recombinant protein preparation and 5
Al of SB with 1 Ag/ml nocodazole. Samples were diluted
with 500 Al of ice-cold SB and layered onto the glycerol
cushion. Tubes were spun at 3000 rpm, 20 min, 4jC in a
HB4 rotor. The top 1 ml of cushion was removed by
aspiration and the interface washed with 0.5 ml of 1%
Triton X-100. All but the last 1 ml of cushion was removed
by aspiration and the coverslip lifted out and fixed with
methanol at 20jC for 6 min.
Immunofluorescence microscopy
Immunofluorescence microscopy was performed as de-
scribed (Fry et al., 1998a). Primary antibodies used were
R81 a-X-Nek2 purified IgGs (5Ag/ml). These were detected
using biotinylated anti-rabbit antibodies (1:50; Amersham)
followed by Texas Red-conjugated steptavidin (1:200;
Amersham). DNA was stained with Hoechst 33258 (0.2
Ag/ml in PBS). Coverslips were mounted in 80% glycerol,
3% n-propyl gallate in PBS. Images were captured using an
Orca ER cooled CCD camera (Hamamatsu) and Openlab
software (Improvision) on a Nikon TE300 inverted micro-scope and processed using Adobe Photoshop (San Jose, CA,
USA).
Microtubule aster assays
Recombinant proteins were recruited to sperm from crude
insect cell lysates as described above except that nocodazole
was not added. Following centrifugation, the sperm were
subjected to a microtubule aster assay as described by Sawin
and Mitchison (1991). Briefly, the sperm pellet was resus-
pended in 10 Al of CSF extract (untreated, Nek2 depleted or
mock depleted) supplemented with rhodamine-labeled tubu-
lin (20 Ag/ml final concentration) and incubated at 22jC. At
time points indicated, 1.2 Al was spotted onto a microscope
slide and overlaid with 3 Al of extract fix (Desai et al., 1999)
before addition of a coverslip and microscopic inspection.
Taxol aster assays were performed with 100 nM taxol as
described (Wignall and Heald, 2001).
Miscellaneous techniques
For semiquantitative RT-PCR reactions, total RNA was
collected from oocytes and eggs using TRI reagent (Sigma)
according to manufacturer’s instructions. RNA was then
treated with DNase I (Gibco) before use in RT-PCR reac-
tions as described by Hames and Fry (2002), with oligonu-
cleotide primers specific for either Xenopus Nek2A or
C. Twomey et al. / Developmental Biology 265 (2004) 384–398 391Nek2B. For in vitro translation, plasmids carrying Nek2
cDNAs were added to TnT-coupled transcription–transla-
tion reactions in the presence of [35S] methionine–cysteine
(NEN Life Science Products) according to the manufactur-
er’s instructions (Promega Corp.). In vitro kinase assays
were performed using immunoprecipitated Nek2 proteins as
described by Fry and Nigg (1997).Results
Expression of Nek2 splice variants in Xenopus sperm, eggs
and oocytes
Previous studies in X. laevis revealed that the Nek2B
splice variant is present in stage VI oocytes and eggs and that
Nek2B is recruited to the sperm basal body upon incubation
in the egg cytoplasm (Fry et al., 2000; Uto et al., 1999).
Furthermore, removal of Nek2B from the cytoplasm retards
the conversion of the sperm basal body into a functional
centrosome competent for microtubule nucleation (Fry et al.,
2000). However, although delayed, centrosome assembly
was not blocked by Nek2 depletion, raising the possibility
that either the depletion was incomplete or sperm basal
bodies possess minor amounts of a Nek2 isoform that can
contribute to centrosome assembly. To investigate this latter
possibility, Western blot analysis was performed on concen-
trated preparations of demembranated sperm. In contrast to
egg cytoplasm where only Nek2B is detected, both Nek2A
and Nek2B were detected, albeit at low levels, in sperm
preparations (Fig 1A). Nek2A is more highly expressed than
Nek2B, as is seen in human adult cultured cells (Hames and
Fry, 2002). Although sperm preparations can be contaminat-
ed with trace amounts of somatic tissue, our result falls in line
with the faint detection of Nek2 on isolated Xenopus sperm
by immunofluorescence staining (Uto and Sagata, 2000) and
the observation that the majority of Nek2 in mouse testis is
associated with spermatocytes (Rhee and Wolgemuth, 1997;Fig. 6. Nek2B complex formation in CSF egg extracts. (A) High-speed superna
glycerol gradient prepared in CSF-XB buffer. Fractions collected from the grad
polyacrylamide gels and immunoblotted with R81 antibodies. Marker proteins w
shown). The position of each marker protein (kDa) in the gradient is indicated. A sa
was added to the extract to a final concentration of 1 M before loading on the grTanaka et al., 1997). Thus, it is possible that the incomplete
block to centrosome assembly resulted from activity of the
sperm-associated Nek2 proteins. A minor fraction of the
sperm Nek2A protein appeared as a faint smear on the blot
that disappeared upon treatment with lambda protein phos-
phatase (EPP), indicating that it is at least partially phosphor-
ylated (Fig. 1B). The amount of Nek2B present in sperm was
too low to detect possible phosphorylation. Similar analysis
of Nek2B in egg cytoplasm revealed a protein smear that
could also be removed by EPP treatment (Fig. 1C). Interest-
ingly, we found that phosphorylation of Nek2B in the egg
cytoplasm is more pronounced in the interphase than CSF-
arrested extracts (Fig. 1D).
It has been estimated that a Xenopus egg contains
sufficient stocks of maternal proteins to generate more than
a thousand centrosomes before the need for further protein
synthesis (Gard et al., 1990). As Nek2B is one of those
maternally derived centrosomal components, we were inter-
ested to know when expression of the Nek2B protein is
initiated. In line with a previous study (Uto et al., 1999), we
found only a relatively small increase (approximately 2-
fold) in the abundance of Nek2B protein during progester-
one-induced oocyte maturation (Fig. 1E). We therefore
analysed the amount of Nek2B protein expressed during
oogenesis by sorting oocytes into their different stages
(Smith et al., 1991). As oocytes of different stages vary
tremendously in size, the amount of protein isolated from
each stage was first equalized by spectrophotometry and
then by Western blotting for the constitutively expressed
Erk2 protein. Nek2B was only detected in oocytes from
stage IV onwards (Fig. 1F). Hence, the major induction of
Nek2B expression occurs during the process of oogenesis.
Regulation of Nek2 expression during oogenesis
To determine how Nek2 protein expression might be
regulated during oogenesis, the abundance of Nek2A and
Nek2B mRNA was measured using a semiquantitative RT-tants of CSF egg extracts were subjected to fractionation over a 15–50%
ient were precipitated with trichloroacetic acid, separated on 12% SDS-
ere fractionated in parallel and identified by Coomassie Blue staining (not
mple of CSF egg extract (E) was also loaded directly onto the gel. (B) NaCl
adient.
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synthesized that amplified a product from plasmids encod-
ing only the appropriate cDNA (Fig. 2A). Moreover, se-
quencing of products generated by RT-PCR reactions from
stage V oocytes confirmed their identity as the correctFig. 7. Depletion of Nek2 does not interfere with taxol-induced aster formation. (A
or depleted of Nek2B protein using R81 a-Nek2 antibodies (D). Aliquots of each
(arrowhead). (B) Extracts (25 Al) were supplemented with 100 nM taxol and 0.15 m
samples were spotted onto glass slides, overlaid with spindle fix and the number o
table shows results of a single experiment and the experiment was repeated three tim
(c and d)-depleted extracts are shown. Scale bar = 10 Am.mRNA. To ensure that the amount of RT-PCR product
reflected the abundance of the specific mRNA in the input
sample, RT-PCR reactions were performed with different
amounts of total RNA and numbers of cycles (Figs. 2B and
C). Based upon these results, semiquantitative RT-PCR) CSF egg extracts were untreated (U), mock-depleted with rabbit IgGs (M)
extract were analysed by Western blotting for Nek2B with R81 antibodies
g/ml rhodamine-tubulin and incubated at 22jC. At given times (mins), 1-Al
f asters present in the 1 Al sample counted by fluorescence microscopy. The
es. (C) Examples of asters present at 20 min in mock (a and b)- and Nek2B
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and oocytes of different stages (Fig. 2D). In contrast to the
absence of Nek2A protein, Nek2A mRNA was detected in
all oocyte stages, as well as eggs, suggesting that its
translation is actively repressed in these cells. Nek2B
mRNAwas also detected in all oocyte stages and eggs with
equal abundance, implying that its translation is repressed in
early stage oocytes when Nek2B protein is not detected and
that the increase in protein expression during oogenesis and
oocyte maturation is due to derepression. Cytoplasmic
polyadenylation elements, known to be involved in devel-
opmental control of translation (Richter, 1999), are present
in the 3VUTRs of both the human and the Xenopus Nek2B
sequence. Moreover, it is highly unlikely that these results
are due to changes in protein stability as previous studies
indicate that Nek2A should be stable in G2-arrested oocytes
and that Nek2B should be stable both in G2 oocytes and M-
phase arrested eggs (Hames et al., 2001).
Generation of recombinant Nek2 proteins
To enable us to do the important reconstitution experi-
ments, wild-type and catalytically inactive Xenopus Nek2A
and Nek2B with C-terminal hexahistidine tags were
expressed in Sf9 insect cells from recombinant baculovi-
ruses. Western blotting of insect cell lysates with a-Nek2
or a-His antibodies revealed a major band of the expected
size for each recombinant protein and, in the case of the
wild-type kinases only, higher molecular weight forms
indicative of autophosphorylation (Fig. 3A). IP-kinase
assays using h-casein as the substrate confirmed that only
the wild-type, and not the catalytically inactive, proteins
were expressed in an active conformation (Fig. 3B, and
data not shown). Interestingly, on highly resolving protein
gels, recombinant wild-type Nek2B migrates as at least
three clear isoforms (Fig. 3C, lane 1), but upon incubation
in CSF egg extract, the uppermost band is lost, suggesting
that it has been partially dephosphorylated (Fig. 3C, lane
2). The second retarded band is then removed by treatment
with EPP presumably leaving a completely dephosphory-
lated protein (Fig. 3C, lanes 3 and 4). A time course of
incubation in CSF extract confirms that the slowest mi-
grating band is rapidly lost, leaving two stable isoforms
(Fig. 3D). Thus, Nek2 undergoes autophosphorylation on
multiple sites upon expression in insect cells but at least
one of these sites is rapidly dephosphorylated by a Nek2
phosphatase active in the CSF egg cytoplasm.
Assembly of Nek2 into the zygotic centrosome
Recruitment of Nek2B is an early event in centrosome
formation as it is evident immediately upon addition of
sperm to egg extracts (Fry et al., 2000). However, whether
Nek2 interacts directly with basal body components or
indirectly via other proteins recruited from egg cytoplasm
is unknown. We therefore used the recombinant proteins toinvestigate whether Nek2 recruitment could occur in the
absence of egg cytoplasm. Unfortunately, attempts to purify
the recombinant Nek2 proteins on nickel-agarose did not
lead to significant protein enrichment, most likely due to
masking of the histidine tag (data not shown). Therefore,
crude insect cell lysates containing an equivalent concen-
tration of Nek2 protein to that present in cytoplasmic egg
extracts were incubated with sperm basal bodies before
being separated from unbound protein by centrifugation
through a glycerol cushion and detection by Western blot-
ting (Fig 4A) or immunofluorescence microscopy (Fig. 4B).
Western blotting indicated that both active and inactive
Nek2B kinase sedimented with sperm in the absence of
egg extract. Furthermore, the amount of recombinant
Nek2B recruited was similar in the absence or presence of
egg extract, and roughly equal to the amount of endogenous
protein recruited (Fig. 4A, compare lanes 2 and 3, and 5 and
6). A small amount of recombinant protein was detected in
the absence of sperm indicating minor contamination of the
pellet with the starting material (Fig. 4A, lanes 1 and 4).
Microscopy confirmed that recombinant Nek2B proteins
associated with sperm were not randomly distributed, but
specifically localized to one end of the chromatin overlying
the basal body (Fig. 4B). Thus, the Nek2B protein can be
recruited independently of other egg proteins and irrespec-
tive of whether it possesses kinase activity or not. Recom-
binant Nek2A was also recruited to sperm basal bodies to a
similar extent as seen for either recombinant or endogenous
Nek2B (data not shown).
We previously reported that the gel mobility of endoge-
nous Nek2B is retarded upon recruitment to sperm basal
bodies (Fry et al., 2000). To determine whether this was the
result of phosphorylation, Nek2B was treated with EPP
following recruitment to sperm. This treatment led to loss
of any gel retardation, indicating that Nek2B was indeed
being hyperphosphorylated upon recruitment (Fig. 5A and
B). Furthermore, this mobility shift was detected after
recruitment at 22jC, but not 4jC, and was dependent upon
the presence of small molecules (i.e., ATP) as it did not
occur with egg extracts that had been dialysed (data not
shown). We also sought to determine whether recombinant,
catalytically inactive Nek2B was phosphorylated following
recruitment to sperm basal bodies. A hint of gel retardation
was associated with the recombinant protein after, but not
before, recruitment to sperm (Fig. 5B, compare lanes 2 and
3). These data strongly support a model in which the
phosphorylation of Nek2B is stimulated by concentration
at the zygotic centrosome.
Nek2B exists in the egg cytoplasm in small and large
complexes
During our previous immunodepletion experiments, it
was possible that other proteins bound to Nek2B were also
removed from the extract and that this contributed to the
delay in centrosome assembly. We therefore first investigat-
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in a complex. For this purpose, high-speed supernatants of
CSF egg extracts were subjected to glycerol gradient cen-
trifugation in the presence or absence of high salt (Fig. 6).
Nek2B was found to exist predominantly in a salt-insensi-
tive broad peak that extends between the 29- and 80-kDa
marker. Due to the presence of the leucine zipper domain,
Xenopus Nek2B (44 kDa), like human Nek2A and NekB, is
expected to dimerise (Fry et al., 1999; Hames and Fry,
2002). Hence, this peak is almost certainly mostly Nek2B
dimers. It was noticeable, however, that fractions containing
Nek2 extended to the 200-kDa marker in the absence, but
not presence, of high salt. Based on this observation, we
propose that a small fraction of Nek2 molecules in the egg
cytoplasm are in salt-sensitive complexes that could be
higher-order oligomers or involve other proteins. Recombi-
nant active and inactive His-tagged Nek2B proteins, which
migrate at 50–60 kDa on gels (see Fig. 3A), were solely
detected in fractions of 100–150 kDa, suggesting that the
vast bulk of recombinant protein is present simply as a
dimeric complex (data not shown). This indicates that other
insect cell proteins are unlikely to be involved in the
recruitment of Nek2 to sperm.
Nek2B is not required for acentrosomal microtubule asters
We next investigated whether depletion of Nek2B would
delay the formation of noncentrosomally organized micro-
tubule asters. For this purpose, we induced formation of
asters in untreated or Nek2-depleted mitotic egg extracts
(Fig. 7A) with the microtubule stabilizing poison taxol
(Verde et al., 1991). Taxol-induced asters were abundant
in untreated, mock-depleted and Nek2B-depleted extracts
after 15 min of incubation at 22jC (Fig. 7B) and there was
no obvious alteration in either the rate or morphology of
aster formation (Fig. 7C). Hence, Nek2B is not required forFig. 8. Functional centrosome assembly requires Nek2 protein but not
activity. (A) Outline of immunodepletion-reconstitution experiment in-
dicating that sperm were pre-incubated in crude insect cell lysates
expressing recombinant proteins, pelleted by centrifugation and then
incubated in either mock- or Nek2-depleted CSF extract with rhodamine-
tubulin. Samples were fixed for analysis at times indicated in graphs C and
D. (B) Western blot with anti-Nek2 antibodies of insect cell lysates used in
the reconstitution experiments. (C) The percentage of sperm with associated
microtubule asters was counted following incubation in mock-depleted CSF
extracts (closed squares) or in Nek2-depleted extracts with sperm pre-
incubated with insect cell lysate alone (closed circles), or 1 Al (open
circles), 3 Al (crosses) or 5 Al (open diamonds) of Nek2B-containing lysate.
The graph indicates that Nek2B restores the timing of aster formation in a
dose-dependent manner. (D) The percentage of sperm with associated
microtubule asters was counted following incubation in mock-depleted CSF
extracts (closed squares) or in Nek2-depleted extracts with sperm pre-
treated with insect cell lysate alone (closed circles), or insect cell lysates
containing recombinant Nek2B (open diamonds) or Nek2B-K37R (open
triangles). The graph indicates that rescue is not dependent upon Nek2B
kinase activity. The graphs in C and D are representative examples of three
independent assays.the organization of noncentrosomally derived asters. This
result also demonstrates that depletion of Nek2B does not
diminish the availability of factors in the extract required for
microtubule aster formation.
Nek2B protein, but not activity, is required for centrosome
assembly
Finally, we examined the ability of recombinant Nek2B
to rescue the delay in aster formation in Nek2-depleted
CSF extracts. Nek2A was not tested in this assay as it is
unstable in mitotic extracts. As it had not been possible to
purify the recombinant proteins, sperm were first preincu-
bated with crude insect cell lysates to allow Nek2B
recruitment to the basal body. Sperm were then recovered
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Nek2-depleted CSF extract in the presence of rhodamine-
tubulin. At given time points, samples were fixed and the
percentage of sperm with associated asters counted by
fluorescence microscopy (Fig. 8A). Lysates from either
uninfected insect cells or cells infected with wild-type or
kinase-dead Nek2B were used (Fig. 8B). In these experi-
ments, 5 Al of insect cell lysate contained an equivalent
amount of Nek2B protein to that present in 10 Al of egg
extract. In line with previous experiments, aster formation
was reproducibly delayed in Nek2-depleted extracts as
compared to mock-depleted extracts (Fig. 8C). Addition
of recombinant wild-type Nek2B, but not insect cell lysate
alone, led to complete recovery in the time of aster
formation in Nek2-depleted extracts in a dose-dependent
manner providing convincing evidence that the delay was
due to removal of Nek2B and not any other protein (Fig.
8C). Strikingly, addition of kinase-dead Nek2B also led to
complete recovery in the timing of aster formation (Fig.
8D), indicating that it is Nek2B protein, and not kinase
activity, that is critical in the assembly pathway of the
zygotic centrosome.Discussion
Assembly of the first zygotic centrosome requires both
maternal and paternal contributions (Schatten, 1994; Wu
and Palazzo, 1999). In most animals, with the notable
exception of rodents, the centrioles are paternally derived
in the form of basal bodies that subtend the axonemal
microtubules of the flagellum. However, for proteins that
make up the pericentriolar matrix, some may be brought
along with the centrioles whereas others may be recruited
from the egg cytoplasm. Defining whether centrosomal
proteins are maternally or paternally derived is of medical
importance as incorrectly assembled zygotic centrosomes
can contribute to both male and female infertility (Navara et
al., 1997). Furthermore, defective centrosome organization
has been invoked as one cause of aneuploidy in cancer cells
and unraveling the pathway of zygotic centrosome assembly
is likely to yield important information on how the centro-
somes of adult cells are organized (Pihan and Doxsey,
1999). Here we show that the Nek2 protein is both pater-
nally derived, in that it is present on sperm alone, and
maternally derived in being significantly recruited to the
centrosome from egg cytoplasm. The maternally derived
protein, which is solely the Nek2B splice variant, is phos-
phorylated upon recruitment and its recruitment stimulates
the rate at which a functional centrosome is assembled in a
kinase-independent manner.
Centrosome assembly can almost certainly be achieved
in many different ways depending on the particular circum-
stance. In adult cells, centrosomes are duplicated in a
semiconservative manner once per cell cycle (Hinchcliffe
and Sluder, 2001). During this process, new proteins areassimilated into what is an already highly ordered, func-
tional centrosome either by passive diffusion or by motor-
protein delivery along microtubules (Zimmerman and Dox-
sey, 2000). The most prominent reorganization of the PCM
in the adult cell cycle occurs at the G2/M transition when
mitosis-specific centrosomal proteins are recruited and as-
sembled into the developing spindle pole (Blagden and
Glover, 2003). This is in part dependent on Plk1 and
Aurora-A kinase function. Experimentally, centrosomes
can also assemble de novo in S-phase arrested adult cells
though the mechanism of assembly is unclear as PCM
clouds appear first within which centrioles are detected later
(Khojakov et al., 2002). De novo centrosome formation
appears to occur naturally during the first embryonic cell
cycles in rodents with PCM foci again appearing first to
organize the mitotic spindle (Maro et al., 1985; Schatten et
al., 1986). However, following fertilization in most animal
cells, zygotic centrosomes are assembled by recruitment of
maternally contributed components onto paternally derived
basal bodies (Archer and Solomon, 1994; Schatten, 1994).
The addition of demembranated Xenopus sperm, which
retain the basal body, to Xenopus cytoplasmic egg extracts
provides an excellent cell-free experimental system for the
study of this pathway of centrosome assembly (Felix et al.,
1994). Using this assay, it was first shown that g-tubulin
must be recruited to the basal body from egg cytoplasm for
microtubule aster assembly to occur (Felix et al., 1994;
Stearns and Kirschner, 1994). Meanwhile, experimental
analysis of zygotic centrosome assembly in fertilized Dro-
sophila eggs indicated that another centrosomal protein
CP190 was also recruited from the egg cytoplasm (Ripar-
belli et al., 1997). Centrin, a centriolar protein, and pericen-
trin, on the other hand, are present at the basal body before
incubation in the egg cytoplasm (Doxsey et al., 1994;
Stearns and Kirschner, 1994).
Basal bodies are structurally and functionally related to
centrioles (Preble et al., 2000). Hence, one might predict
that proteins tightly associated with centrioles are more
likely to be paternally derived with the basal bodies than
proteins that make up the pericentriolar material. Nek2
associates with proximal ends of centrioles (Fry et al.,
1998b) and is generally referred to in the literature as a
centriolar protein. In line with this, we were able to detect
both Nek2A and, more weakly, Nek2B in concentrated
sperm preparations by Western blot. Uto and Sagata
(2000) also reported weak staining by fluorescence micros-
copy of sperm basal bodies with Nek2 antibodies before
incubation in egg extracts. In a separate report, the same
authors showed that Xenopus testis contains high levels of
Nek2A and low levels of Nek2B (Uto et al., 1999). Thus, it
would appear that Nek2 is a component of both basal bodies
and centrioles. Nevertheless, considerably more Nek2B is
recruited to the assembling centrosome upon incubation of
sperm in the egg cytoplasm, indicating that the Nek2 protein
in the zygotic centrosome has both paternal and maternal
origins. The same appears to be true in fact of g-tubulin,
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pericentriolar material, and which has been detected at low
levels in sperm before the significant increase that occurs
upon incubation in the extract (Fuller et al., 1995; Moudjou
et al., 1996; Simerly et al., 1999).
Eggs and early embryos express only the Nek2B splice
variant. The purpose behind this may relate to the fact that
Nek2B lacks destruction motifs present in Nek2A. Indeed,
exogenous Nek2A protein is highly labile in early embry-
onic extracts (Hames et al., 2001; Uto and Sagata, 2000).
During the rapid divisions that take place in the early
embryo, repeated turnover of Nek2 protein may be detri-
mental. Nek2B protein expression is first clearly detected in
stage IVoocytes before a further two-fold increase in protein
expression upon oocyte maturation. A similar increase in
Nek2B expression during Xenopus oocyte maturation was
reported by Uto et al. (1999), although no such change was
detected during porcine oocyte maturation (Fujioka et al.,
2000). Upregulated expression of many centrosomal pro-
teins during oogenesis may be vital to the stockpiling of
centrosomal precursors in the egg. Interestingly, our results
indicate that the change in Nek2B protein abundance is
primarily regulated at a translational level as the amount of
its mRNA remains unchanged throughout oogenesis and
oocyte maturation. Nek2A mRNA is also present during
these stages. We speculate that both mRNAs are subject to
translational repression during early oogenesis but that,
whilst Nek2A mRNA continues to be repressed throughout
early embryogenesis, Nek2B mRNA is derepressed around
stage III–IV of oogenesis. Human and Xenopus Nek2B
share a potential cytoplasmic polyadenylation element close
to the hexanucleotide polyadenylation sequence in the
3VUTR of their mRNAs. The sudden translation of Nek2B
mRNA may therefore be stimulated through extension of its
poly (A) tail. In this respect, Nek2B may represent another
important cell cycle regulator whose expression during
embryonic development is regulated by cytoplasmic poly-
adenylation (Richter, 1999).
Endogenous Nek2B in the egg cytoplasm and recombi-
nant Nek2B expressed in insect cells exist predominantly in
small complexes highly reminiscent of dimers, although a
small fraction of Nek2B in the egg cytoplasm is incorpo-
rated into a salt-sensitive 150–200-kDa complex. However,
the avid recruitment to sperm of recombinant Nek2B in the
absence of egg cytoplasm demonstrates that Nek2B can
bind directly to basal bodies and is not dependent upon the
prior recruitment of other egg proteins. Both Nek2A in
sperm and Nek2B in egg are weakly phosphorylated, but
upon recruitment to the basal body, there is a significant
increase in Nek2B phosphorylation. Following expression
in insect cells, wild-type recombinant Nek2B migrates as at
least three isoforms by SDS-PAGE, whereas catalytically
inactive Nek2B migrates as a single band at the same
position as the highest mobility form of wild-type Nek2B.
This strongly supports the idea of at least two separate
autophosphorylation events. Of course, there may be addi-tional phosphorylation that does not cause gel migration
shifts. Interestingly, incubation in CSF extract removes the
slowest migrating form indicating the presence of a phos-
phatase that can remove some but not all Nek2 phosphor-
ylation. As endogenous Nek2B is less phosphorylated in
CSF than interphase extracts, it is possible that this is a cell
cycle-regulated phosphatase and important for regulating
endogenous as well as recombinant Nek2. We hypothesize
that recruitment to the sperm acts both to concentrate
Nek2B and to sequester it away from the phosphatase, thus
allowing autophosphorylation to increase. Human Nek2A
can bind and be dephosphorylated by PP1c (Helps et al.,
2000). However, Nek2B lacks the PP1c binding site so the
relevant phosphatase in CSF extracts is unknown.
A number of factors implicate Nek2B as a specific
regulator of centrosome assembly, rather than of microtu-
bule nucleation or organization. First, Nek2B recruitment is
an early event in the centrosome assembly pathway with
Nek2B perhaps interacting directly with the basal bodies.
Second, recruitment of Nek2B promotes g-tubulin recruit-
ment (Fry et al., 2000), which is absolutely required for
assembly of functional centrosomes (Felix et al., 1994;
Stearns and Kirschner, 1994). Third, injection of inactive
Nek2B gives rise to centrosome fragmentation and impaired
spindle formation in Xenopus embryos, indicating that
Nek2B is required for maintenance as well as assembly of
centrosomes (Uto and Sagata, 2000). Finally, depletion of
Nek2B does not interfere with formation of taxol-induced
microtubule asters, implying that Nek2B is required only for
centrosome assembly itself. Indeed, Nek2B inhibition did
not prevent formation of meiotic spindles in Xenopus
oocytes which lack centrosomes (Uto and Sagata, 2000).
The delay in aster formation in Nek2B-depleted extracts
suggests that paternally derived Nek2 protein is not suffi-
cient to allow a functional centrosome to form at the normal
rate. It is possible that the Nek2 protein is absolutely
essential for zygotic centrosome assembly but that the low
levels of Nek2A and Nek2B present in sperm preparations
allow assembly to occur, albeit more slowly. Unfortunately,
attempts to impose a more complete block to aster formation
by pre-incubating sperm with Nek2 antibodies were not
successful (data not shown). Most importantly, though, the
normal timing of aster formation was restored when sperm
were pre-incubated with recombinant Nek2B protein before
addition of the depleted extract. Moreover, this rescue was
dependent upon the amount of Nek2B with which the sperm
were pre-incubated. As the recruitment of Nek2 to sperm
was done in crude insect cell lysates, it is possible that other
insect cell proteins involved in centrosome assembly may
have been recruited in parallel. However, incubation of
sperm in insect cell lysates that lacked Nek2 did not rescue
aster formation emphasizing the central importance of Nek2.
The depletion–reconstitution approach also allowed us to
ask the critical question of whether it is the kinase activity of
Nek2 that is important in this context. Our results reveal that
Nek2 kinase activity is, in fact, not required, as the catalyt-
C. Twomey et al. / Developmental Biology 265 (2004) 384–398 397ically inactive Nek2B protein rescued to the same extent as
the active protein. This surprising result points strongly to a
structural role for Nek2B in centrosome assembly and
maintenance, which may not be restricted to embryonic
cells as adult cells also express Nek2B. Indeed, Nek2B may
be required for spindle pole integrity in adult cells as Nek2A
is destroyed in early mitosis. As centrioles are essential for
maintenance of the pericentriolar material (Bobinnec et al.,
1998), Nek2B may contribute to centrosome assembly by
stabilizing the centriole structure itself. Alternatively, it
might provide docking sites for components of the pericen-
triolar material that anchor the microtubule–nucleation
complexes. A full understanding of the mechanism by
which Nek2B promotes centrosome assembly and the
reason for its hyperphosphorylation at the centrosome will
require further identification and characterization of its
centrosomal partners.Acknowledgments
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